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Abstract The linear leaves of three species in the genus Taxodium Rich., T. distichum (L.) 
Rich., T. ascendens Brongn., and T. mucronatum Tenore., are amphistomatic or hypostomatic. 
Stomatal band comprises 4-8 lines of stomata on each side of the midvein on the abaxial 
surfaces of the leaves. The numbers of stomata are stable on the middle parts of the abaxial 
surfaces of the leaves, and decrease toward both tip and base of the leaves. On the adaxial 
surfaces the stomatal band comprises only 1-4 lines of stomata and sometimes no stomata 
were observed. In the non-stomata areas the epidermal cells are oblong and parallel to the 
long axis of leaves, and the anticlinal walls of epidermal cells are mostly straight or some- 
times undulate. Epidermal cells on areas with stomata are polygonous. Stomatal apparatuses 
are oval, and the long axes of stomata are mostly perpendicular or oblique to the midvein. 
Guard cells have thickened walls, forming polar lamellae at the polar end. The stomatal 
density and index of T. distichum, T. ascendens and T. mucronatum exhibits significant 
differences. The stomatal density and index of T. distichum from different localities show no 
statistically significant differences. The coefficient of variability of the stomatal index is 
smaller than that of the stomatal density, suggesting that the stomatal index is more reliable 
than stomatal density when it is utilized to study the correlation between stomatal parameter 
and atmospheric CO; concentration. 

Key words Taxodiaceae, Taxodium, epidermal structure, stomatal parameter. 
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Table2 Size of epidermal cells and stomata and stomatal parameters of Taxodium 
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100 
Figs. 1-11. Leaf epidermis in Taxodium (Figs. 9-11, SEM photographs). 1. Leaf epidermis of middle part in T. 








ascendens. Left side of the figure is the abaxial surface; right side of the figure is the adaxial surface. 2. 
Epidermis of the adaxial surface of leaf in T. distichum collected from USA. 3. Epidermis of the abaxial surface 
of leaf in T. distichum collected from Nanjing. 4. Epidermis of middle part of the adaxial surface of leaf in T. 
mucronatum. 5. Epidermis of middle part of the abaxial surface of leaf in T. mucronatum. 6. Stomata of the abaxial 
surface of leaf in T. distichum collected from USA. 7. Stomata of the abaxial surface of leaf in T. ascendens. 8. 
Stomata of the abaxial surface of leaf in T. mucronatum. 9. Epidermis of the adaxial surface of leaf in T. ascendens. 
10, 11. Stomata of inner surface of the adaxial surface of leaf in T. distichum collected from USA. 11. Enlargement of 


Fig. 10. 


Scale bar: 1, 400 um; 2-5, 80 um; 6-8, 20 um; 9, 10, 100 um; 11, 14 um. 
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Table 3 Test of statistically significant differences in epidermal cells and stomata of Taxodium 






































































































































































































































[] Epidermal cell O Stomata 
[ [ /D /D 
Length Width Length/ Length Width Length/ Density Index 
width width 








Ë 














(0 P>0.05 P>0.05 P>0.05 P>0.05 P<0.05 P<005 P>0.05 P>0.05 








¡De tT, 


) 
T. distichum from 

Washington DC and 
Nanjing 








P>0.005 P<0.5 P>0.05 P>0.05 P<0.05 P>0.05 P<0.05 P<0.05 





T. distichum and 
T. ascendens 





O P>0.05 P<0.05 P>0.05 P<0.05 P>0.05 P>0.05 P<0.05 P<0.05 











T. distichum and 
T. mucronatum 
O O P>0.05 P<0.05 P<0.05 P<0.05 P<0.05 P>0.05 P<005 P<0.05 
T. ascendens and 
T. mucronatum 



























































(EL EL EL OL ET CE DE CE DT C] DE CE DE CE. CE CE OE CE DE C]. 7E 7E OE CE. OE OE UE 7E UE UB UU E 
00000 (Deardorff, 1976) DD C] D] C] D] C] D] C] D] C] L] 0 (Watson, 199900 0 0 UL] 
(DL EL EL OL EE CE EE CE DT CE DE C. DE. CE] D. UH. CD. DO. D. DO. D. D. D. D. D. D. D D D. Radford etal., 
1968; Coladonato, 1992; Watson, 1930 HO HB. HH BH HH DDD HH B. HH BH. BE. H] HE B. E D] 
UUDUUDD LDUUDLDDUUULDUDDU2U DOUUDUUUDULD 
popgo000000.0200000200000000000020000000 
popg00008000 00000 Dd 00 000 0000000000000 
0200000000 00000020. 40000000000 0000 OOO 
DODODO DO OD LD LD LD 0000000000 0000.00000 
poepgodo o 0d ooo oo 0000000000000 0000000 
Sahni, 1964; Watson, 1993; Sullivan, 1994900 HO 0000000000000000 
popod0 000000000000 000000000 0000000000 
002000000000 U (Radford et al., 1968)[] 
pDOpdoDp0og 00D 0 0 0 0000 0000000 00000000003 
popa 0000000000000 0000000000000 
pp000 00000000 (0203000000000 0000000, 
Ë 
(U 
l 


í g 








ESI 
Looe pH 


EJ ERU E ES des e 








AN 
S 
n 
= 
E 

















L1 





DOd00000 DO 00000 M0 00000000 000000000 
2,310 
U O00 DO (Chaturvedi, 19938 [] U 0 O O [] (Villar De Seoane, 1998)[] 
HOU pg dog oO O 0d DD ODO 000000300 00000000000 
(00.000,18200000000.0000300000000000000 
0000 00000000000 BOO 000 000 00000000000) 

















O 
O 
O 
O 
O 
O 
O 


























OU 
OU 
OU 
OU 


60 Dodo: D000 000000000000 


523 





co0000000000000000 
00,0 000 (Ma & Li, 200210 000 
000.000,20)g000 Mae 39" 
al, 2090 000000000000 595 
p0000000000000000 2°) 
poo0000,0000000000 $99 
oo0o0o00. 000000000 s 
(Florin, 1931; Sveshnikova, 1963; Chatur- ° 0-04 















































































































































vedi, 1993; Villar De Seoane, 1998)0 0 D E un 
üugggagaugagaaganguuggdugdu & E MA Sa 
A EO e ee aa 
ugggagagasatttttlttl ` (from (£rom 
D O (Aulenback & LePage, 1998)[] xc ee 
DpDODpo 00d og 00000. ge 00 0000 

O (Florin, 19300 0000000 o 0,000 U D» 

Fig. 12. T bilities (CV) of stomatal 











1900 00000000030000 _ stomatal index) 
000000000000.0000 





po00000000000000000U Gveshnikova, 1963) 


podo0p00000 000000000 0000000000000000 


O O (Ma & Li, 2002; 0 O O0 00 ,2002)00 00000000000000 
UUUDUDUUUDUDUUDUUDUDUDGuDGOQDIDDIEID,203[ 00000000 
DO DO DO DO Do Oo O00000 DO Dd 000000 oo 00 0(00 
0,2000 8d 00 DOD OD 0D DO DO DO 0D 0000000000000 
O (Chandrasekharam, 1974; Christophel, 19760 000000000000000 




















200,0 UUD üugapgmgangüubgauuatddlimtgtttrbtutbl ti 
ODO0OOCOOOCOOOCOCOCOOCOOCOCOOO. b ER 70:04 08-00 
Taxodium wallisii Aulenback et LePage] DH L1 E] E] B]. D] .E] E] E] E] D] D]. ED]. D]. D J 








UODUOUDUUD  D00 0000000000000 0000000000 


DULU 000000000 0000000000000 Wickulin et al., 2003, Ma 


po00000000000000.0000000U0 (Aulenback & LePage, 1998)[] 


O 


DoO0000 mn o000 0000000000000 .0000000000.000 


oo 


Do ao Ll 


O 
O 
O 
L] 


O 
O 
O 





O 


he coefficient of varia 
U 0 l [] U U [] U l 0 U (Boulter, parameters in Taxodium (O CV of stomatal density, m CV of 


O DADO o og DO OD DDUDUDDUDUDUDDUUUDGUUDDUUDUDUuDDUüuDunUD 
OO EH D] DO (Chaturvedi, 1993; Villar De Seoane, 1999): 00000000000000 
000000000000 00 (Villar De Seoane, 199800 [] 00000000, D D 


DOO.DpBO do gd DO DO O DO DO DD DO DO Doo Do 00000000, 
000,200, 40000000000 lI D [] (Chaney, 1951; Florin, 
1963; Miller, 1977; 0 0 0,195.18 D] 0 0 0 0 O D (De Laubenfels, 1953; Serlin, 1982)[] 


OU 


O 
ec 
Pooooono 


EE) Ea ec 
DJ. ET Ey EE ve t 








524 D 000 D D 40 





O00000 D000000000000000000000000000000 
DOO0DD000 000000 000000000000 000000000 
(000,200 0000000000000000000000000.000 
p000000000.00000000 I (Page, 1990; Figueiral etal., 199900 0 O 
pogo do 00000000000 0000,. 000, 000000000 
(Coladonato, 1992; Sullivan, 199400 DO Hu BB DO DO DO DO OO 141-222 CD E E 
po 40000000 00000000000 GOD L , 1995; Figueiral etal., 1999] 
DoOdp0000000000000000000 000000000000 
DULUDULLULVLL Cod 0000000 00000000000 000 
DUO cod D Ú OO (Woodward, 1987, 000 0,19800000300000000 
po000000000 000000000000 DL LL LL DO DOD UD DLL 
DOdODD0 0000000000000 000000000000000000 
O 
0 
O 





O 
O 
O 
O 
0 
O 














pDO0000000000000000000000000000000000.000 
papado D00000000D000COQOK000000 00000000000 


00 podo00000000000 000000 000000000000 0.0 
DUBDUH LU 






































0 üu u L 


Aulenback K R, LePage B A. 1998. Taxodium wallisii sp. nov.: First occurrence of Taxodium from the Upper 
Cretaceous. International Journal of Plant Science 159: 367-390. 

Boulter M C. 1970. Lignified guard cell thickenings in the leaves of some modern and fossil species of 
Taxodiaceae (Gymnospermae). Biological Journal of the Linnean Society 2: 41-46. 

Chandrasekharam A. 1974. Megafossil flora from the Genesee Locality, Alberta, Canada. Palaeontographica B 
147: 1-41. 

Chaney R W. 1951. A revision of fossil Sequoia and Taxoldium in Western North America based on the recent 
discovery of Metasequoia. Transactions of the American Philosophical Society 40:171-263. 

Chaturvedi S. 1993. Morphological, cuticular and anatomical studies of some members of Taxodiaceae. 
Bionature 13: 127-131. 

Cheng W-C ([] DO), Fu L-K ([] [] [] ). 1978. Taxodiaceae. In: Flora Reipublicae Popularis Sinicae. Beijing: 
Science Press. 7: 281- 312. 

Christophel D C. 1976. Fossil floras of the Smoky Tower Locality, Alberta, Canada. Palaeontographica B 157: 
1-43. 

Coladonato M. 1992. Taxodium distichum. In: Fire Effects Information System [Online]. U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). 
Available: http://www.fs.fed.us/database/feis. [2004, March 21] 

Dallimore W, Jackson A B, Harrison S G. 1967. A Handbook of Coniferae and Ginkgoaceae. 4th ed. New 
York: St. Martin's Press. 19: 729. 

De Laubenfels D J. 1953. The external morphology of coniferous leaves. Phytomorphology 3: 1- 20. 

Deardorff D. 1976. Plant portraits: Montezuma cypress. Lasca Leaves 26 (3): 79-81. 

Figueiral I, Mosbrugger V, Rowe N P, Ashraf A R, Utescher T, Jones T P. 1999. The Miocene peat-forming 
vegetation of northwestern Germany: an analysis of wood remains and comparison with previous 
palynological interpretations. Review of Palaeobotany and Palynology 104: 239- 266. 

Florin R. 1931. Untersuchungen zur Stammesgeschichte der Coniferales und Cordaitales. Kungliga Svenska 
Vetenskapsakademiens Handlingar 10: 1- 588. 

Florin R. 1963. The distribution of conifer and taxad genera in time and space. Acta Horti Bergiani 
20 (4): 121-311. 


60 Dodo: Do000 000000000000 525 





Li C-S (DUO), Wang Y-F (0 O D ), Sun Q-G ([] 0 [O ). 2001. Climate analysis of endemic species A 
novel method for quantitative analysis of global climate change since Tertiary. Acta Botanica Sinica ([] 
0 00 ) 43: 217-220. 

Ma Q-W DOD). Gu F-Q DOD ). 2000. Comparative studies on morphological features of some genera in 

Taxodiaceae. Chinese Bulletin of Botany ( [] 0 OD ) 17 (Special issue): 161- 164. 

Ma Q W, Li C S. 2002. Epidermal structures of Sequoia sempervirens (D. Don) Endl. (Taxodiaceae). Taiwania 

47 (3): 194-202. 

Ma QW (0 O O ), Li C-S (O O O ). 2002. Characteristics of reference in classifying fossil plants of genera 

Metasequoia and Sequoia by epidermal features. Journal of Wuhan Botanical Research ([] GD 000 

[] ) 20: 413-416. 

MaQW,LiC S, Li F L, Vickulin S V. 2004. Epidermal structures and stomatal parameters of Chinese 

endemic Glyptostrobus pensilis K. Koch (Taxodiaceae). Botanical Journal of the Linnean Society 146: 

153-162. 

Ma Q-W ([] DD ), Zhang J-B ([] O O ). 2003. Epidermal structures of Metasequoia glyptostroboides Hu et 

Cheng (Taxodiaceae). Bulletin of Botanical Research ([] [] [] [] ) 23: 32-35. 

Miller C N. 1977. Mesozoic conifers. Botanical Review 43: 217- 280. 

Page C N. 1990. Taxodiaceae. In: Kramer K U, Green P S eds. Pteridophytes and Gymnosperms. Berlin: 
Springer-Verlag. 353-361. 

Radford A E, Ahles H E, Bell C R. 1968. Manual of the Vascular Flora of the Carolinas. Chapel Hill: 
University of North Carolina Press. 1183. 

Serlin B S. 1982. An Early Cretaceous fossil flora from northwest Texas: its composition and implications. 
Palaeontographica B 182: 52- 86. 

Sullivan J. 1994. Taxodium mucronatum. In: Fire Effects Information System [Online]. U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). 
Available: http://www.fs.fed.us/database/feis. [2004, March 22] 

Sun Q-G (OD [] ) Chen L-Q DOD), Li C-S (DUO). 1998. Impact of changing atmospheric CO; 
concentrations over the Phanerozoic on stomatal parameters of vascular land plants. Chinese Science 
Bulletin ([] O O O ) 43: 2478-2482. 

Sveshnikova I N. 1963. Atlas and a key for the identification of the living and fossil Sciadopityaceae and 
Taxodiaceae based on the structure of the leaf epidermis. Paleobotany 4: 207- 237. 

Vasil V, Sahni R A. 1964. Morphology and embryology of Taxodium mucronatum Tenore. Phytomorphology 
14: 369- 384. 

Vickulin S V, Ma Q W, Zhilin S G, Li C S. 2003. On cuticle compressions of Glyptostrobus europaeus 
(Taxodiaceae) from Kaydagul Formation (Lower Miocene) of the Central Kazakhstan. Acta Botanica 
Sinica 45: 673- 680. 

Villar De Seoane L. 1998. Comparative study of extent and fossil conifer leaves from the Baquero Formation 
(Lower Cretaceous), Santa Cruz Province, Argentina. Review of Palaeobotany and Palynology 99: 
247-263. 

Wang Q-M ( O O ), Jiang Z-P ( 0 O ), Lü X-S (0 0 0 ) Zhang J-F (DOD), Lu KJ (DOD), Sun Y-Z 
(000 ) Guo S-X DOD), Wu MJ DOD), Lu X-A (0 O O ). 1995. Studies on the variation of 
provenances and families in genus Taxodium: introduction to the genus. Journal of Jiangsu Forestry 
Science & Technology (0 0000 D ) 22 (2): 14-18. 

Watson F D. 1993. Taxodiaceae. In: Flora of North America Editorial Committee ed. Flora of North America 
North of Mexico. Vol. 2. Oxford: Oxford University Press. 

Woodward F I. 1987. Stomatal numbers are sensitive to increases in CO, from pre-industrial level. Nature 327: 
617-618. 

Yao BJ (0 DD ), Hu Y-S (0 O [] ). 1982. Comparative anatomy of conifer leaves. Acta Phytotaxonomica 
Sinica (0 D D 0 0 D ) 20: 875-294 

Yu Y-F ([] [] [O ). 1994. Taxonomic studies on the family Taxodiaceae. Bulletin of Botanical Research ([] 9 [] 
[] ) 14: 369-382. 

Yu Y-F (0 O O ). 1995. Origin, evolution and distribution of the Taxodiaceae. Acta Phytotaxonomica Sinica 


(10 0 0 0 0) 33 [62389] 








